OBJECTIVES: To explore a new anthropometric index of body fat distribution adjusted for ages ranging from 6±15 y in both boys and girls. DESIGN: Sex, age, and 11 anthropometric variables were subjected to principal component analysis. Based on these results, we developed a new anthropometric index, namely an age-adjusted measure of body fat distribution. This index was evaluated statistically for suitability of use in epidemiological surveys. SUBJECTS: Japanese children, including obese and nonobese subjects, in one elementary and one junior high school in Yamanashi Prefecture, Japan: 508 boys and 549 girls whose ages ranged from 6 y 1 mon±15 y. MEASUREMENTS: Measurements included the height (Ht), body weight, circumference of the waist, hip and thigh. Body mass index, the ratios of the waist, hip or thigh to the Ht, waist-hip ratio (WHR) and waist-thigh ratio were calculated. RESULTS: The ®rst principal component (PC 1) accounted for 49.8% of the total variation, and was interpreted as an indicator of the general size of an individual. PC 2 accounted for 25.9%, and was interpreted as a shape measure that indicates body fat distribution. Calculation of WHR/Ht, a parameter that represented PC 2 adjusted by PC 1, gave an highly robust linear regression equation for age by gender. The residuals from the regression line for WHR/Ht deviated from normal distribution only in the boys, whereas the mean residual was nearly zero and distribution of the residuals was similar in three age subgroups by gender, supporting the use of the common standard deviation score in all age groups as an indicator of body fat distribution. CONCLUSION: The common standard deviation score of WHR/Ht can serve as an epidemiological index of body fat distribution adjusted for ages between 6 and 15 y.
Introduction
Biochemical risk factors for atherosclerosis in children are more common among those who are obese. 1 Anthropometric standards that can predict such potential health problems should be established for use in the school or clinical setting. The amount of intraabdominal fat is more signi®cantly related to metabolic derangement induced by obesity than is the amount of subcutaneous fat. Although in previous reports, anthropometric measurement did not always re¯ect the amount of intra-abdominal fat, 2, 3 evidence suggests that waist-hip ratio (WHR) is useful in evaluating the risk factors for atherosclerosis in adults 4±6 and children. 7±10 At least in adults, WHR is generally accepted as a measure that re¯ects the distribution of fat between intra-abdominal and subcutaneous sites.
Findings in several previous studies of children have discouraged the use of WHR as an epidemiological index of body fat distribution. However, several factors need to be considered in deciding whether WHR, and related anthropometric indices, are suitable for estimating the extent of abdominal obesity in children. Changes in body composition, adiposity and distribution of body fat during the growth and development of children are well established. 9±11 In general, biochemical complications as well as excess weight in obese children tend to worsen during growth, 1 whereas the normal values for WHR decrease with age. 10, 12 Accordingly, an arithmetical adjustment for age using analysis of covariance is not very successful in obese children and adolescents. Standardization of the criteria for obesity should be based on the actual measures of body build observed in a large population of children.
The values and physiological signi®cance of WHR differ between the races. 13 Japanese people have a different genetic background, as well as lifestyle, as compared with other cultures. Their body build also differs. In our previous study, after adjusting for age using linear regression equations for nonobese subjects, the standard deviation score (SDS) for WHR was found to be correlated with the serum levels of lipids and apolipoproteins in obese Japanese children attending elementary school (namely 6±12 y old). Indices for being overweight or for adiposity were unrelated to such serum biochemical ®ndings, especially in the girls. 14 The present study was designed to develop a new anthropometric index of body fat distribution in boys and girls that was adjusted for age ranging from 6± 15 y. The distribution pattern of the value of WHR in cohorts is skewed to the right, as with body mass index. It is well known that, in girls, the normal value of WHR declines rapidly during adolescence. 12 To solve these problems, we evaluated data from a large group of children by means of principal component analysis (PCA). A new anthropometric index that was statistically valid in this age group was constructed according to the results of PCA.
Materials and methods

Subjects
A total of 1057 Japanese children who attended one elementary or one junior high school in Yamanashi Prefecture, Japan, were subjected to anthropometric measurements. There were 508 boys and 549 girls who ranged in age from 6 y 1 mon±15 y ( Table 1 ). The subjects included both obese and nonobese children, and were subdivided into three groups by age and separated according to sex (Table 1) . This survey was approved by the Ethics Committee of Yamanashi Medical University, Japan. Informed parental consent for participation in this survey was obtained.
Anthropometric measurements
Anthropometric measurements were performed, as described previously, 14 by the medical staff in the Department of Paediatrics, Yamanashi Medical University. In brief, height (Ht) was measured to the nearest 0.1 cm and body weight to the nearest 0.1 kg using a stadiometer. A plastic measuring tape was used to determine the circumference of the waist at the level of the umbilicus, and that of the hip at the level of maximum extension of the buttocks, to the nearest 0.1 cm, with the subject standing and following a normal expiration. Thigh circumference was measured 3 cm above the upper border of the patella on the left side if the subject was right-handed, and on the right side if the subject was left-handed.
Body mass index (BMI) was calculated for each subject by dividing the body weight (in kilograms) by the Ht 2 (in meters). To express body shape, we calculated the ratio of the waist, hip or thigh to height, respectively, waist-to-hip circumference ratio (WHR) and waist-to-thigh circumference ratio (WTR). 
Results
The means AE s.d. and ranges of anthropometric measures in the three age subgroups are summarized in Table 1 . The mean values for Ht, body weight, waist, hip and thigh were greater in the older groups than in the younger groups, indicating that the body size increased with age. Similarly, the BMI tended to increase with age. On the other hand, both WHR and WTR showed a gradual decrease with age. Table 2 summarizes the results of PCA in the subjects studied. We retained factor loadings and respective scores for the ®rst four major axes, which jointly accounted for 96.2% of the total variation. Only the ®rst three principal components (PC) exhibited eigen-values greater than 1. PCA clearly separated the variables that gave different loadings to the respective axes. The ®rst PC accounted for 49.8% of the total variation, and could serve as a credible indicator of an individual's general size. PC 2 accounted for 25.9% of the total variation, and was considered to be a measure of shape that indicated body fat distribution, being mainly loaded by waist/Ht and WHR in contrast with size variables. PC 3 and 4 were factors for combinations of gender and the several variables for shape.
The factor patterns were plotted by assigning PC 1 to the ordinate and PC 2 to the abscissa (Figure 1) . The ®gure clearly contrasts the different characteristic between BMI (index for being overweight) and WHR (index of body fat distribution). WHR was divided by the Ht (in meters) of each individual, in an attempt to obtain a new measure of body fat distribution adjusted for body size. Among the size variables studied here, Ht appeared to be the most suitable for standardizing the WHR because it is normally distributed in the general population and it is the standard measure for linear growth. Since our previous study revealed that WHR was signi®cantly smaller in girls than in boys even in ages younger than 12 y old, 14 data for boys and girls were treated separately in the further analyses.
We next evaluated the correlation of WHR/Ht with age in each gender, and compared that to the correlation of waist/Ht and WHR with age. Table 3 summarizes the univariate linear regression analysis assigning age as an independent variable. In both sexes, the correlation with age was highly signi®cant for waist/Ht, WHR, as well as WHR/Ht. The r 2 values indicated that the linear association of WHR/Ht with age in both sexes was more stable than was the association of waist/Ht and WHR with age: the correlation coef®cient of WHR/Ht with age was 0.900 for the boys and 0.922 for the girls (Figures 2  and 3 ). This close linear association of the two parameters in both sexes clearly indicates that WHR/Ht can be adjusted for age by simply introducing a linear function, and that the residual (namely the deviation of the observed value of WHR/Ht from Abbreviations are the same as in Table 1 . The normality of the distribution of the residuals was accepted at P 0.8083 for the girls, but was rejected at P 0.0025 for the boys as determined by the Shapiro±Wilk test.
The central values did not differ signi®cantly between the three age subgroups for each gender as determined by Kruskal±Wallis and Median tests. Each pair of data from the different age groups showed no signi®cant difference in distribution from each other as determined in the boys and girls by Kolmogorov± Smirnov two-sample test. Thus, the uniformity of the central values and distribution in three different subgroups for each gender supported the use of the common SD for the calculation of SDS for WHR/Ht. Age-adjusted measure of body fat distribution K Asayama et al
Discussion
The present study explored an index of body fat distribution that was adjusted for ages ranging from 6±15 y for each sex. The PCA successfully contrasted the size and shape variables in the present group of children and adolescents. WHR divided by Ht was considered to represent PC 2 adjusted by PC 1. This estimate gave an extremely robust linear regression by age for each sex. Further statistical tests of normality revealed that the distribution of the residuals for WHR/Ht was deviated somewhat from normality only in the boys, whereas the central values and the distribution were similar in the three age groups of each sex. Thus, the common SDS of the WHR/Ht was veri®ed to be a potential measure of body fat distribution over age in the population studied. The contribution of the androgyny of fat patterning to metabolic derangement seen in childhood obesity is supported by the previous observation that metabolic derangement is more common at older ages and in boys, than at younger ages and in girls. 15 In a study of obese women, metabolic derangement was linked to the WHR, but not to the indices for overweight or adiposity. 6 In adult men, sagittal diameter and WHR were considered almost equally good indices for predicting metabolic risk. 16 A lipoprotein abnormality was better re¯ected in the BMI in nonobese, but in the WHR in the obese young adults in Taiwan. 17 In children, the WHR appears to be a useful index when the age and sex of the subjects studied are relatively uniform. Waist measurement was reported to correlate with a potentially atherogenic lipoprotein pro®le in obese 12 and 14 y old children. 18 Improvement of the atherogenic risk-factor pro®le during weight reduction was more marked in obese adolescent girls with a higher than, in those with lower, WHR. 19 In cross-sectional studies that dealt with both children and adolescents in one group, 20 WHR per se did not appear to be as good an index as observed in adults. 6, 16, 17 WHR was reported to be higher in boys than in girls throughout pediatric ages, and to decrease gradually in boys with age, while there were two sharp reductions at ages 10±13 y and 13±16 y in girls because of the marked increase in hip circumference at 13 y but a decrease in waist circumference from 13± 17 y. 12 These results indicate the need for establishing an age-adjusted estimate of body fat distribution in the pediatric age group.
There is some debate whether WHR measures the amount of visceral adipose tissue. 2 Ross et al 21 reported that in adult men and women the amount of visceral adipose tissue, as measured by magnetic resonance image (MRI), analysis was greater at 10± 15 cm above than at the level of lumbar spine 4 and 5 and that this level corresponded to the level of the last rib. They thought that waist circumference measured at this level was a better predictor than that measured at the level of umbilicus. Likewise, the amount of intra-abdominal fat measured by MRI did not correlate with WHR in obese and nonobese adolescents. 3 Unlike the ®ndings in adults, the amount of intraabdominal fat in children was much less than that of subcutaneous fat. 3 Thus, the measurement of visceral adipose tissue by MRI has its limitations, and it may be relatively imprecise for studying children. 19 Even a study in adults failed to demonstrate a relationship between the amount of visceral adipose tissue and serum lipid levels. 22 Armellini et al 5 reported that the WHR correlated with resting metabolic rate in obese women, but that the amount of visceral adipose tissue did not. These results suggest that the WHR is a unique index of body fat distribution that re¯ects individual metabolic activity, and is not just an alternative to measurement of visceral fat by an imaging technique.
In the present study subjects, the ratio of WHR to Ht was expressed as an extremely robust linear function of age for each sex. This implies that Ht and age are the two major determinants of normal value of WHR in Japanese children with ages ranging from 6± 15 y. Thus, change in the normal value of WHR by age in each sex appears to largely depend on the factor of linear growth. The SDS of the WHR/Ht would be useful in performing cross-sectional studies dealing with body fat distribution in children and adolescents. Since the population used here is comprised of children with various ages in one group, this estimate should be equally good for individuals with any given age in this range. Thus, the SDS of the WHR/Ht is also suitable for longitudinal study. This new anthropometric index can help to resolve a problem of limited applicability of WHR to the study of children and adolescents. The usefulness of this new ratio has to be veri®ed with other groups of children originating from different races. Further study will elucidate the physiological signi®cance of the SDS of the WHR/Ht, and the relevance of abdominal obesity in children to the risk of atherosclerosis.
